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By S.  A.  S joberg - 

' Flight  neasuremnta were nade in Sideslips Of t he  s t a t i c  lateral 
and d i rec t iona l   s tab i l i ty   chmacter i s t ics  of the Doughs  IL558-D 
(BuAero No. 37974) research airplane. The direct ional .   &abi l i ty  of the 
airplane wae positive in both the clean and landing conditions at all 
t e s t  speeda. About 2O of rudder deflectfon w e r e  required t o  produce lo 
of s idesl ip  i n  both the clean and landing conditio-. There waa no 
decrease in the effectiveness of the rudder i n  producing sideslip up to 
the highest Mach n M e r  reached (0.87). There was a considerable i+ 
crease in  dihedral effect  with  increaae fn noI"3IEd-f orce  coefficient; 
ma/dp increased from 1. o at a normal-force coefffcient of o . lo  t o  3.1 
at a nommldorce coefficient of 0.9. At a constant value of normal- 
force  coefficient  the dihedral ef fec t  was the same in the landfng 
condition 8.B in the clean  condition. 

1 The Rational Advieory Committee f o r  Aeromhics  is conducting a 
flight research program nbilizing the Douglas -5&n (BuAero No. 37974) 
research airplane.  he -58-11 airplanes were designed fo r  flight 
research in the  tramonic speed range and were procured for the mAcA by 
the Bureau of Aeronautics, Department of the N a v .  The flight research 
program currently being conducted with  the BuAero No. 37974 airplane 
consists of determining the   s t ab i l i t y  and control  characterist ics asd 
the aerodymmic loada acting on the w l n g  and horizontal tai l  of the 
airplane from the a t a l l i n g  speed up t o  a maximum Mach ntmber of 



about 0.90. This paper presents  rerrults  obtained on the s t a t i c   l a t e r a l  
and hirect ional   s tabi l i ty   character is t ics  as measured in   a ides l ips .  
Sideslip data &re preserrted f o r  the airplane in  both the  landing 
condition and clean condition  for a Mach number range from 0.27 t o  0.87. 
References 1 and 2 present results W c h  have been obtained  during  the 
preeent f l i gh t   p ropan  on other aerodynamic characteri&ice of the 
-58-11 airplane 

The Douglas D35%CI airplanee have- sweptback wing and t a i l  
surfaces and were designed f o r  comibfnation turbojet  and roclret power. 
The airplane  being used in  the present  investigation (BuAero No. 37974) 
does not yet have the rocket  engine  inrrtalled. This  airplane is powered 
solely by a J344E-40 turbo  jet  engine which exhaute  out of the bottom 
of the fuse- between the wing and the tail. Photographs of the 
airplane a m  sham aa figures 1 and 2 and a three-view drawing I s  shown 
i n  figure 3.  Pertinent airplans dlmelvrioas Ehnd characterist ics are 
l i s t e d   i n   t a b l e  1. 

Both slat8 and fences are incorporated on the wing of the airplane. 
The wing slats can be locked i n  the closed  position or they can be 
unlocksd. When the  slats are unlocked the slat position is a function 
of the angle of a t tack  of the airplane. Also, the slats on the l e f t  
and right w i n g s  are  interconnected and therefore, at any tFme, have the 
same position. A section of' the slat and the forward portion of the 
wing  showing the  motion of the slat with respect t o  the wing is  shown 
i n  figure 4. 

The airplans is equipped with an adjustable  stabilizer  but no means 
are provided for trimning out ai leron or rudder  control  forces. No 
aerodynamic-balance or  control-force  booster system I s  wed  on any of 
the controls. Hydraulic dampers are instal led on all control  surfacee 
to a id  in preventing any control4urface  f lut ter .  Dive bralres are 
located on the  rear portion of the fuselage. 

The variations of a i leron and elevator  position with control-vheel 
position axe shown in figures 5 and 6 ,  respectively, and the variation 
of rudder position xLth right-mdder-pedal  position is shown i n  figure 7. 
The f r i c t i o n  in the aileron, elevator, and rudder  control sgstems as 
measured on the ground under no load are presented in  figures 8, 9, 
and 10. These Friction lneasurements were obtained by measuring the 
control  position and the control  force as the control was deflected 
slowly.' The ratee of control+nrPace  deflection  during  the  friction 
meaaumnent8 were 8uFPiciently low so  that the  control  forces  resulting 
from the  hydraulic dampers in   the  control  aystam were negligible. 
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Standard NACA recording .3nstnnmnts were ins ta l led   in   the   a i rp lans  
to masure the following quantities: 

Airspeed 
Altitude 
Elevator- and aileron+dmel forces 
Rudder pedal force 
No&, longitudiPal, and tramverse  accelerations 
Rolling,  pitching, and pwing v e l m i t i e s  
Sideslip  angle 
Stabi l izer ,   e lemtor ,  rudder, left- and r i g h b i l e r o n ,  and 

slat posi t iom 

St ra in  @@E were -&led in the airplane t o  measure wing and 
ta i l  loada. The etra-ge deflections were recorded on an oscillograph. 
A l l  instruments were ephronized by 11113898 of a common timer. 

A flree-ewiveling  airspeed head was uaed t o  lneaeure bath s t a t f c  and 
total pressure. This airspeed head was mounted on a born 7 f e e t  f o m d  
of the nose of the airplane. A vane which W ~ B  used t o  measure s idesl ip  
angle was mounted below the s w  b o w  @ fee t  f o m d  of the nose of 

the  airplane. (%e f ig .  1.) 
2 

The le+ and ri&%aileron  positions were  measured on bell cranks 
about 1 foot forward of the ailerone and the slat posit ion was rneaaured 
OIL the slat control  cable in the fuselage. The s tab i l izer ,  rudder, and 
elevator  positions were measured on the colrtrol surfaces. The elevator 
position  preaented in this paper i s  the average of two measured positions. 
one measuring point was 6 inches outboard of the ver t ica l   s tabf l izer  and 
the other 11 inches Fnbaard of the t i p  of the  horizontal  t a i l  measured 
perpendiculw t o  the airplane center line. Ln no case was the  difference 
between the two  meaeurements greater than 0.3O. Thus, fo r   t he  airplane 
flight conditions  covered in  this paper, the twist of the elevator w f t h  
respect t o  the horizontal   s tabi l izer  was small. The elevator  positiona 
presented were measured with respect t o  the s t ab i l i ze r  and the s tab i l i ze r  
posit ion was measured with respect t o  the fuselage center line . The slat 
posit ion as used In this paper is defined In figure 4 by the distance dB. 
A l l  control  positions were measured perpendicular t o  the control hinge 
line. 
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-PEED CALIBRATION 

The caLibration of the  airspeed  installation was accomplished i n  
the Mach number range from 0.30 t o  0.70 by a tower passes. The 
deta i l s  of t h e   t o w e w s s  method  of  ob';aining airspeed  calibrations 
are given in'reference 3. In order t o  extend the  calibration up t o  a 
Mach num33er of. 0.90 the following procedure was wed: The blocking 
error due t o  the fwelage m a  assumed t o  be constant. For the combi- 
nation of fuselage shape and  airspeed4oo.m  length used th i s   assmpt ion  
i a  jus t i f ied  on the  basis of results reported i n  reference 4. The 
blocking  error due t o  the airspeed head i t s e l f  wa~ established up t o  a 
Mach m e r  of 0.85 from wind-tunnel t e s t s .  By combining the  constant 
blocking error  of the  fmelage with the blocking error due t o   t h e  
airspeed head, the alrspeed calibration was extended up t o  a Mach 
number of 0.85. For Mach numbers between 0.85 and 0.90 the  calibration 
was extrapolated. The Mach numbers given in  t h i s  paper are believed 
accurate t o  Etso.01. 

TFSTS, IIEsuI;TS, AND DISCUSSION 

The s t a t i c   l a t e r a l  and di rec t iona l   s tab i l i ty   chwacter i s t ice  were 
measured in sideslips at various  speeds with the  airplane i n  both  the 
Clem and the landing configurations. With the airplane  in  the  clean 
condition  (flaps LQ, gear up, slats locked, duct f laps  closed),  slde- 
sl ips,were made at five different Mach numbers in the range from 0.34 
t o  0.87. In the landing condition  (flaps down, gear down, slats 
unlocked, duct f laps open), sideslips were made at indicated  airspeeda 
of 158 and 182 mile5 per hour. A l l  of the data presented, except that 
at a Mach number of 0.34 wfth the  airplane in  the clean condition, were 
obtained az~ the   s idesl ip  angle was slowly increased. The data at a 
Mach nmiber of 0.34 were obtained at substantially  constant  sideslip 
angles. For the rnns i n  which the sidesl ip  e&.e was increasing,  the 
r a t e  of change of the  sideslfp angle was between 0.1O per second and 
0.4O per second. The data were obtained in the   a l t i tude range from 
13,000 t o  21,000 feet .  

Figure I1 shows the  variations of rudder, to ta l   a i le ron ,  and 
elevator  control  positions and control  forces and angle of bank with 
s idesl ip  w e  for the airplane in  the  clean  condition. S i a i l a r  data 
fo r  the a-lrplane i n  the  landing  condition are shown in figure E. Also 
included in flgure 12 i s  the slat position. 

The d i rec t iona l   s tab i l i ty  of the  airplane was positive i n  both  the 
clean and landing conditions at all test  speeds. About 2O of rudder 
deflection were required t o  produce lo of sideslip in both  the  clean 
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and landing  conditio-,  thua  indicating no change in the  directioaal 
s t a b i l i t y  occurred in going f r o m  the clean  to   the 1- condition, 
I n  figure 1.3 ithe slopes of the curves of rudder posit ion againat s ide-  
s l i p  angle d&/dp f r o m  figure 11 are plot ted as a function of  Mach 
nmiber. The values of db/dp were measured f o r  a s i d e s l i m g l e  
range of so. Up t o  the hfghest Mach nmiber reached (0 .87)~  there h e  
been no decrease in  the  effectiveness of the rudder in producing side- 
s l i p  since d%/dp is substastially  constast  up t o  this Mach nrrmber. 
The rudder-free direct ional   s tabi l i ty ,  as measured by the  variation of 
rudder pedal force with the  sideslip  angle, was positive f o r  all 
conditions investigated. 

The curves of aileron  posit ion agalnat sidesl ip  angle .in figures ll 
and 12 show a consihrable  fncrease in dihedral effect  with increase fn 
normal4orce  coefficient. This increase is a l s o  ahown in figure 14, 
where t h e   w i a t i o n s  of aileron angle with d i k e l i p  angle d8ddp, a8 
obtained from figurea ll and 12, a r e  plotted against noTm&l"force coef- 
f ic ien t .  Data are included f o r  both the clean and landing conditions. 
The values of  dsa/dj3  were measured for a s i d e s l i m e  range of eo. 
The dihedral  effe'ct d6ddp increases frm 1.0 at a normal-force coef- 
f i c i en t  of 0.10 t o  3.1 at a normal-force coefficient of 0.90. Figure 14 
also shows that at a given noTm&l"force coefficient the d i h e m  effect  
i s  the same in  the  landing  condition as in the clean condition. 
Figures. ll and 12 show that the pitchlng m n t  due to   a ides l ip ,  as 
measured by the  variation of elevator  deflection requtred for trim d t h  
s idesl ip  w e ,  ie anall f o r  all conditions  investigated.. 

Inspection of the control-force c w e s  of figurea 11 an& 12 shows 
that the  curves  are scmetlmes discontinuous  near  zero  eidealip. The 
discontinuities are probably  caused by t he   f r i c t ion  in the control 
system. When the control  forces due t o  the aerodynamic hinge momenta 
a r e  large, this f r i c t ion   e f f ec t  is masked. The slat-position measure- 
ments presented In figure 12 ahow that the slat posit ion .during the left 
and right sideslips was not . the same. The reason f o r  the  difference in  
slat positions is not Imown. 

Flight measurenaents  were made i n  sideslips of t h e   s t a t i c   l a t e r a l  
and d i r ec t iona l   s t ab i l i t y   chmcte r i s t f c s  of the Douglas Ih558-n 
(BuAero No. 37974) research  airplane, The d i rec t iona l   s tab i l i ty  of the 
airplane was positive  in  both  the  clean and landing conditions at all 
t e s t  speeds. About 2O of rudder  deflection were required t o  produce lo 
of s idesl ip  i n  both the  clean and landing  conditions. There was no 



decrease i n  the effectiveness of the- rudder in producing sidealip up t o  
the highest Mach nuniber reached (0.87). There W&E a considerable 
increase in  dihedral effect  with increase in normal-Porce coefficient; 
d8a/dP increased f r a m  1.0 at a nolpn&1"force coefficient of 0.10 t o  3.1 
at a normiL4orce coefficient of 0,gO. A t  a con&& value of normal- 
force coefffcient the dihedral  effect is the ~ a m e  in the landing 
condition as in the clean oonditlm. 

2. Sjoberg, S.  A., and C h m g i n s ,  R. A.: Prelhinaqy plight Measuremlrta - of the Static Longl.tudinal Stability and Stall- Charetcterlstica 
of the Douglae -5- Reaemh A i r p l a n e  (BuAero Xo. 37974) IUCA 
RM L g H 3 h ,  1949. 

3. Thqnpean, F. L., and Zalovcik, John A. : A i r e p e e d  Meaaurenmnrtfi in 
Flight at Ill& Speeds. NCLCA ARR, Oct. 1942. 

4. Dmforth, Edward C . B :, and Johnston, J. Ford: Error in Airspeed 
Measurement Due to Static-Preesure Field ahead of Sharp4fose 
Bodiea of Revolution at Traneonfo ;Speeds. M A  RM LgC25, 1949. 
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Wing: 
Root a i r fo i l   sec t ion  ( n o m  t o  0.30 chard) . . . . . . .  NACA 63-010 
Tip a i r fo i l   s ec t ion  (normal t o  0 -30 chord) . . . . . . .  NACA 631-012 
Total area. e q  Ft . . . . . . . . . . . . . . . . . . . . . .  1'75.0 
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  25.0 
M ~ B R  aerodynamic chord. in . . . . . . . . . . . . . . . . . .  87.301 
Root chord (parallel t o  plane of symmetry). in . . . . . . . .  108.508 
Tip  chord (parallel t o  plane of eymmetrg). in . . . . . . . .  61.180 
Tape r ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  0.565 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . .  3.570 
Sweep at 0.30 chord. deg . . . . . . . . . . . . . . . . . .  35.0 
Incidence at fuselage center llne. deg . . . . . . . . . . .  3.0 
D.dral.deg . . . . . . . . . . . . . . . . . . . . . . . .  -3. 0 
Geametrictwtst. deg . . . . . . . . . . . . . . . . . . . .  0 
Total ai leron axe& (aft of hinge). BQ ft . . . . . . . . . .  9.8 
Aileron travel (each). deg . . . . . . . . . . . . . . . . .  5 5  

Flaptravel.  de6 . . . . . . . . . . . . . . . . . . . . . .  50 
T o t a l  f h p  area. sq Ft . . . . . . . . . . . . . . . . . . .  12.58 

Horizontal tail: 
Root a i r fo i l   s ec t  Ian ( n o m  t o  0 -30  chord) . . . . . . .  NACA 63-010 

. Tip ' a i r f o i l  section (normal. t o  0.30 chord) . . . . . . .  NPLCA 63-010 
&ea (includfng fuselage). sq ft . . . . . . . . . . . . . .  39.9 

Mean aerodynamic chord. in . . . . . . . . . . . . . . . . . .  41-73 
Root chord ( w a l l e l  to plane of sgmmetry) . . . . . . . . .  53.6 
Tip  chord (p~~d.hl to plane of e m t r y )  . . . . . . . . . .  26.8 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . .  3.59 
Sweep at 0.30 chord I-. deg . . . . . . . . . . . . . . . .  40.0 

Elevator  area. sq ft . . . . . . . . . . . . . . . . . . . .  9.4 

up..g . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

s..I~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  143.6 

D F h e d r a l . d e g . 0 .  . . . . . . . . . . . . . . . . . . . . .  0 

Elevator  t r ave l  

Down.deg . . . . . . . . . . . . . . . . . . . . . . . . .  15 

.. 
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TABI;E 1 . Concluded 
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DIMENSIOES ADTI CHARACTERISTICS O F  TEE 

DOXZAS w58-II AIRPLANE . Concluded 

Vertical  t a i l  : 
Airfoil   section (parallel t o  fuselage  center line) . . . .  NACA 

Root chord (paral le l  t o  fuselage  center line). i n  . . . . . .  
Sweep angle at 0.30 chord. deg . . . . . . . . . . . . . . .  
Rudder area (af't of hinge l ine) .  sq f't . . . . . . . . . . .  

Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  
Height froru fuselage  center line. i n  . . . . . . . . . . . . .  
Tip  chord (paral le l  t o  Fuselage center U n a ) .  i n  . . . . . . .  
Rudder travel. deg . . . . . . . . . . . . . . . . . . . . . .  

Fuse. lage : 
Length. ft . . . . . . . . . . . . . . . . . . . . . . . . .  42.0 

Fineness r a t i o  . . . . . . . . . . . . . . . . . . . .  . . .  8.40 
Speed-retarder area. sq f't . . . . . . . . . . . . . . . . .  5.25 

Power plant . . . . . . . . . . . . . . . . . . . . . . . .  J-34443343 
2 jatos  for  take-off 

Airplane weight (no fuel) .  Ib . . . . . . . . . . . . . . . . . .  9. 085 

Maximum diameter. i n  . . . . . . . . . . . . . . . . . . . . .  60.0 

A i r p l a n e  weight (full  fuel). lb . . . . . . . . . . . . . . . .  10. 643 

Airplane weight ( ~ L L L  fuel and 2 jatos). lb . . . . . . . . . .  11. 060 

Center -ofmvi ty   loca t ions  : 
Full f'uel. gear down). percent mean aerodynamlc chord . . . .  25.3 
kiLl fue l  I gear up). percent man aerodynamic chord . . . . .  25.8 
No fue l  gear down). percent mean aerod-c chord . . . . .  26.8 
No f u e l  t gear up). percent mean aerodynamic chord . . . . . .  27.5 
Full fue l  and 2 jatos (gear down). percent 

mean aerodymmlc  chord . . . . . . . . . . . . . . . . . .  29.2 

. 
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Figure 1. - Front view of bug la^^ D-39-11 (BuAem Bo. 37974) research 
airplane. 

I 

1 





. .  . . 

I 



I 

c 



c - 

. 
NACA RM L5OC14 I 

I 

Figure 3 . -  Three-vlew drawing of the Douglas D - 5 g - 1 1  (BuAero No. 3'7974) 
research airplane. 



14 NACA RM LWC14 

Figure 4. - Section of  wing slat  of Douglas D-358-11 (BuAero No. 37974) 
research airplane perpendicular t o  leading edge of wing. 
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Figure 5.- Var ia t ion  of lef t -  and right-aileron posi t ions with control- 
wheel position. No load on system. 
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Figure 6. - Variation of elevator poeition with control-wheel position. 
No load on system. 



Figure 7.- Variation of rudder gositfon wfth right-rudder-pedal position. 
IT0 Load on system. 
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20 JO 10 
Down UP 

Rigb f- aileron posi fion I deg 
Figure 8.- Aileron  control  force.  required t o  deflect  ailerons on 

the ground under no load. 
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F- 9.- mevator control force required to d e f l e c t  elemtor on 
the ground under no load. 
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20 10 0 10 20 
L e F t  Righf- 

Rudder positlbn,deg 

Figure 10.- Rudder control force required to deflect rudder on the ground 
under 110 load. 

I 
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(a) Vc = 177 miles per hour; M = 0.34; Cg = 9.73; 
s t aba ize r   s e t t i ng ,  1-70 leading -e* up; 
engine power, l l , O O O  rpm. 

Fi&e U.- Sideslfp characterist ics of the Douglas D-558-11 
( BuAero Bo. 37974) resemch airplane. Flaps IQ; gear up; 
s l a t s  locked; duct flaps cloeed. 
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(b) V, = 213 miles per hour; M = 0.40; CN = 0.48; s t ab i l i ze r  setting, 
1.7' leading edge up; engine power, U , O O O  rpm.  

Figure ll.- Continued. 
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2d- 

V, = 330 mlles per hour; M = 0.60; CN = 0.20; stabill 
1.8O leading edge up; engine power, . l l , b O  rpm. 

Figure 11. - Continued. 

.zer setting, 
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3 ol 

L eff R/ghf 
S/des//p angle , deg 

. 

(a> VC = 440 miles per hour; M = 0.78; CN = 0.12; stabilizer setting, 
1.7O leading edge up; engine power, 12,300 rpm. 

Figure 11.- Continued. 



Figure l l c -  Concluded. 
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(a) Vc = 158 miles  per hour; M = 0.27; CN = 0.91; 
stabi l izer   set t ing,  1.g0 leading edge up; 
engine power, 11,400 rpm. 

Figure 12.- Sidesl'ip  characteristicB of the Douglas D-558-11 
(EhAero No. 37974) research  airplane.  Flaps down; gear down; 
s l a t s  unlocked; duct flaps open. 

. 
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(b) V, = 182 milee per hour; M = 0.34; CN = O . n ; ,  s tabi l izer   set t ing,  F 

1.9 leading edge up; engine power, 11,400 qua. . 
Figure l2.- Concluded. 
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Figure 13.- Variation of  dS,/i@ with Mach number M as measured 
in   s ideel ips  with the Douglas D-59-11 (Bu4ero No. 37974) research 
airplane. Flaps up; gear up; slats locked; duct flaps closed. 



Figure 14.- V a r i a t i o n  o f  d6daP with normal-force coefficient CN 
. as  measured i n  sideslips w i t h  the Douglas D-39-11 (BuAero No. 37974) 

research airplane. 
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